INTRODUCTION
============

Varicoceles have long been recognized as a cause of male infertility. It is estimated that approximately one third of the men evaluated for infertility have this condition \[[@B1]\]. The literature indicates that 8% to 23% of men have clinically evident varicocele \[[@B2]\]. However, not all men with varicocele have abnormal semen parameters. The question of why approximately 15% to 20% of men with varicocele are infertile, whereas the rest are not infertile, remains unanswered \[[@B3]\]. In other words, although varicocele is accepted as a cause of male infertility, the mechanism still needs to be investigated in more detail. The reason probably lies in the pathophysiology of varicocele, although this is still unclear and requires more in-depth study. Therefore, many questions remain regarding how varicoceles develop, whether varicoceles actually cause testicular dysfunction, and, if varicoceles do cause testicular dysfunction, how they do so. These general questions are difficult to approach by investigating human patients. In addition, specific questions on the physiological or cell biology consequences of varicocele are even more difficult to address in the human population, because it is not ethical to obtain testicular biopsy specimens from healthy or infertile males. It is therefore essential to use animal testing in the study of varicocele.

Varicocele in the animal model can be induced by surgical procedures \[[@B4]\]. Spermatic varicosity can be induced by partially occluding the left renal vein medial to the insertion of the left internal spermatic vein. Early reports on the effects of unilateral, experimental varicocele involved the use of monkeys and dogs to demonstrate bilateral increases in testicular temperature, morphological damage to testes, and decreases in ejaculated sperm concentrations \[[@B5],[@B6]\]. However, none of the experimental varicocele models that were previously studied evaluated the effect on the left kidney. If these experimental varicocele models had any effect on the left kidney, the pathophysiological results that were previously published might not be the results of only the experimental varicocele effect.

It has been a long time since animal studies have been conducted using rats, dogs, rabbits, and monkeys. Most of these studies showed that experimental left varicocele damages the testicular histology and reduces testicular mass by increasing bilateral testicular blood flow and intrascrotal temperature \[[@B7]-[@B11]\]. Up to now, however, no studies have evaluated the effect of surgically induced varicocele on the left kidney. Therefore, we investigated the influence of the location of the partial renal vein obstruction on the left kidney, the bilateral testes, and cauda epididymal sperm quality and determined whether the rat model is suitable for varicocele study.

MATERIALS AND METHODS
=====================

1. Animals
----------

The study included 30 male 8- to 9-week-old Sprague-Dawley rats. All animals were fed the same food and were maintained in a constant environment under a 12:12-hour light-dark cycle. The rats were assigned to three groups: group 1 (experimental varicocele by partial ligation medial to the internal spermatic vein for 8 weeks, n=10), group 2 (partial ligation lateral to the internal spermatic vein for 8 weeks, n=10), and group 3 (sham operation for 8 weeks, n=10). Five of the initial 30 rats were excluded because of death after surgery: two in group 1 and three in group 3.

2. Experimental operation technique
-----------------------------------

Experimental varicocele (for group 1) was created by using a technique previously described \[[@B12]\]. Each animal was anesthetized with an intramuscular injection of zolazepam hydrochloride (10 mg/kg) and xylazine (7 mg/kg). An abdominal midline incision was made, and the abdominal contents were packed to visualize the left kidney, the left adrenal vein, the left renal vein, and the left internal spermatic vein insertion into the left renal vein. The left renal vein, inferior vena cava, and left internal spermatic vein were identified, and the external diameter of the left internal spermatic vein at the level of the iliolumbar vein was measured by using a metal micrometer to evaluate varicocele development. By careful blunt dissection, the left vein was cleared of adhering tissue in a position medial to the insertion of the left internal spermatic vein and left adrenal vein. At this site, a 4-zero silk was tied around the 0.035-inch guide wire (Terumo Guide Wire, Terumo, Frankfurt, Germany) cutting into about 4 cm, which was placed on the left renal vein ([Fig. 1A](#F1){ref-type="fig"}). This procedure resulted in a reduction of the diameter of the left renal vein by approximately 50% and in the immediate dilation of the distal portion of the renal vein. Finally, the midline incision was closed in 2 layers with 3-zero silk sutures. After surgery, the animals were returned to their cages and managed by use of the above-mentioned presurgical protocol. The rats in group 2 underwent the same operation except that partial ligations were placed lateral to the left internal spermatic vein insertion into the left renal vein ([Fig. 1B](#F1){ref-type="fig"}).

The rats in the control group underwent the same operation except that ligatures were only placed and not tied. The experimental protocol was approved by the Animal Care and Use Committee of our institution and was in accordance with the declaration of Helsinki and the guideline issued by the International Association for the Study of Pain.

3. Histopathology
-----------------

The rats in groups 1, 2, and 3 underwent left nephrectomy and bilateral orchiectomy at 8 weeks postoperatively. The external diameters of the left internal spermatic veins were measured at the same previous level, and an increase in vein external diameter by 2-fold or more was considered varicocele. Testes were weighed and fixed in Bouin\'s solution and embedded in paraffin. Histological sections of both testes of each animal were prepared and stained with H&E for histopathological examination and for determining Johnsen scores \[[@B13]\]. Histological changes were defined as severe when Johnsen scores were less than 6, because this score was found to be related to infertility in rats in a previous study \[[@B14]\]. Seminiferous tubule diameters (STDs) were measured on 25 tubules by using DP2-BSW software (Olympus, Center Valley, PA, USA) and an optical microscope (BX-51T; Olympus, Tokyo, Japan) with a ×20 objective.

4. Quantitative assessments of renal fibrosis
---------------------------------------------

Sections in groups 1, 2, and 3 fixed in 10% formalin were stained by the Masson\'s trichrome method to detect renal fibrosis as follows \[[@B15]\]: nuclear staining was achieved by staining slides with Celestin blue for 5 minutes and then washing in water. Sections were then incubated in Mayer\'s acid hematoxylin for 5 minutes, washed in water, and blued in Scott\'s tap water for 1 minute. For counterstaining, slides were immersed in Biebrich scarlet acid fuchsin for no longer than 10 seconds and quickly rinsed in water. Sections were then oxidized in 5% phosphotungstic acid for 20 minutes, transferred to aniline blue for 30 minutes to stain any fibrosis present, washed in water, dehydrated in absolute alcohol for 10 seconds three times, and cleared in xylene for 10 seconds three times. Slides were then mounted in DPX and allowed to dry overnight.

Fibrosis was quantified as follows: sections were analyzed under an optical microscope equipped with a ×10 objective, as mentioned above. Five fields per section were assessed. For evaluation purposes, fields that included renal cortex structures such as the glomerulus and the proximal and distal tubules were included. Fibrosis was quantified by using Leica Qwin software (Leica Imaging Systems, Cambridge, England) by expressing blue stained areas as percentages of total areas.

5. Cauda epididymal spermatozoa evaluation
------------------------------------------

Cauda epididymides were minced in 5 ml of normal saline containing 0.5% bovine serum albumin at 37℃ and were then filtered. Sperm suspensions were placed on glass slides that had been prewarmed at 37℃. Percentages of motile sperm were determined by counting more than 200 spermatozoa in randomly selected fields under a light microscope. Sperm counts were expressed as the number of motile spermatozoa per gram of cauda epididymis tissue \[[@B16]\]. Samples were evaluated by one expert investigator unaware of sample identities.

6. Statistical analysis
-----------------------

SPSS version 13.0 for Windows (SPSS, Chicago, IL, USA) was used for the statistical analysis. The Mann-Whitney test was used to detect differences between Groups 1, 2, and 3. All values are expressed as means±SD. p-values of \<0.05 were considered statistically significant.

RESULTS
=======

1. Varicocele evaluation
------------------------

At the time the rats were killed, the mean diameters of the left internal spermatic vein in group 1, group 2, and group 3 were 1.8±0.3, 0.4±0.1, and 0.4±0.1 mm, respectively. All 8 rats that underwent partial ligation of the left renal vein showed objective dilatation of the left internal spermatic vein when killed, whereas the animals in groups 2 and 3 did not show such dilatations ([Fig. 2](#F2){ref-type="fig"}).

2. Body weight
--------------

At the time the rats were killed, the mean body weights in group 1, group 2, and group 3 were 571.1±32.5 g, 580.1±61.8 g, and 575.2±35.9 g, respectively. No significant differences were found between the groups.

3. Histopathology
-----------------

### 1) Testicular weight

Mean testes weights are shown in [Table 1](#T1){ref-type="table"}. No significant differences were observed between the groups.

### 2) Seminiferous tubule diameters

Mean STDs are listed in [Table 1](#T1){ref-type="table"}. Mean STDs of both testes in group 1 were significantly lower than in groups 2 and 3.

### 3) Histologic change and Johnsen score

The main histological changes observed in group 1 were reduced spermatogenesis, germ cell desquamation, maturation arrest, increased congestion, and perivascular fibrosis ([Fig. 3A](#F3){ref-type="fig"}). Mean Johnsen scores are shown in [Table 1](#T1){ref-type="table"}. The mean Johnsen scores of the left and right side testes in group 1 were significantly lower than in groups 2 and 3. Left and right testes sections in groups 2 and 3 did not show any significant histological abnormalities ([Fig. 3B, C](#F3){ref-type="fig"}).

4. Quantitative assessment of renal fibrosis
--------------------------------------------

Renal fibrosis did not differ significantly among the groups ([Table 1](#T1){ref-type="table"}, [Fig. 4](#F4){ref-type="fig"}). The structures of the glomerulus and of the proximal and distal tubules were well preserved regardless of the operation type.

5. Sperm count and motility
---------------------------

The mean sperm counts and percentages of motile spermatozoa in the left and right epididymides are shown in [Table 1](#T1){ref-type="table"}. Sperm motility in group 1 was significantly lower than in groups 2 and 3. However, no significant differences in sperm counts were found among the groups.

DISCUSSION
==========

The prevalence of varicocele in the general male population is approximately 15%, but the rate is higher than 35% in infertile men \[[@B10]\]. These lesions are common, and varicocele treatment is a traditional part of therapy for male infertility. Varicocele is characterized by stasis and high pressure in the veins that constitute the pampiniform plexus and a limited capacity of the available channels for venous return \[[@B11]\]. Therefore, research on the pathophysiology of varicocele has been essential for a long time, but specific questions on the biological or physiological consequences of varicocele are difficult to address in the human population. The acquisition of tissue, surgical interventions for experimental purposes, and the availability of appropriate numbers of control patients and of varicocele patients of desired ages with appropriate durations of varicocele and other characteristics have hampered this kind of research. Accordingly, studies in animal models of varicocele have contributed enormously to our understanding of this lesion in men.

The rat is a good candidate for the development of an animal model of varicocele. Saypol et al developed a model of varicocele in rats by partially ligating the left renal vein \[[@B17]\]. Besides the adequate size of the left renal vein of the rat for varicocele-inducing surgery, many data on testicular pathology and spermatogenesis are available because this species has been used most frequently in animal testing \[[@B18]\]. Nevertheless, some points concerning the surgical procedures should be borne in mind. The left internal spermatic vein inserts into the left renal vein medially, almost at the point where the left renal vein and inferior vena cava meet. Accordingly, in order to ligate the portion medial to the insertion of the left internal spermatic vein, it is necessary to partially dissect the inferior vena cava in most cases. However, blind dissection behind the vein can sometimes result in inadvertent puncture or tearing of the vein. Although this bleeding might seem excessive, the tears are often small and a few minutes of topical compression usually stops the bleeding. In addition, it should be emphasized that a correct, consistent degree of obstruction is necessary for the reliable development of varicocele in rats. As stated in a previous report, excessive reduction in renal vein size will result in actual occlusion and eventual necrosis of the kidney. On the other hand, insufficient constriction cannot produce the increase in lateral intrarenal vein pressure required to force the development of left internal spermatic vein varicosity. To avoid this problem, we inserted a 0.035 inch Terumo guide wire when ligating the renal vein in the preliminary experiment. Using this method, we successfully created a varicocele model in all experimental animals.

Some of the important findings from the many studies that have been done by partially occluding the left renal vein are that testicular temperature increases bilaterally by varicocele and that spermatogenesis decreases bilaterally. Most of the representative studies were done in rats; however, the results of other studies that used rabbits or dogs were similar. As with the previous studies, our study also showed a decrease in sperm count and motility and in the diameter of the seminiferous tubule. More significantly, there were no changes in the structure of the left kidney because of the surgically made partial occlusion of the left renal vein. To our knowledge, no studies that evaluated the effect on the left kidney by surgically induced varicocele have yet been published. The time it takes for the development of varicocele after varicocele-inducing surgery can vary depending on the surgeon and the laboratory; however, most studies showed the average time to be approximately 4 to 8 weeks. Thus, it is reasonable to deduce that this would be the appropriate time for subsequent study \[[@B11],[@B18],[@B19]\].

Nutcracker syndrome is the clinical manifestation of the situation in which the left renal vein suffers from pressure when passing through the angle between the abdominal aorta and the superior mesenteric artery \[[@B20]\]. This syndrome is very similar to our experimental varicocele model, which is related to the increasing pressure of the left renal vein. Takemura et al performed a renal biopsy in three patients with nutcracker syndrome \[[@B21]\]. They found no remarkable glomerular or interstitial injuries in any of the patients and no deposition of immunoglobulins or complement components in any part of the renal tissues. These findings are consistent with our results.

Over the years, researchers have proposed several theories for the mechanisms by which varicocele may impair male infertility. They include scrotal hyperthermia \[[@B22]\], hypoxia \[[@B23]-[@B25]\], retrograde flow of adrenal blood \[[@B19]\], endocrine and testicular paracrine imbalances \[[@B3]\], and most recently apoptosis \[[@B4]\], angiogenesis \[[@B9]\], and DNA damage and related abnormal spermatogenesis \[[@B26]\]. However, because much of the pathophysiology of varicocele is still unknown, more studies using animal models should be performed and experiments to verify the validity of the animal model must be required.

We did not investigate sperm morphology in the present study, because no accepted classification scheme has been developed for its assessment \[[@B27]\]. Several previous studies have followed the scheme proposed by Linder et al \[[@B28]\], but the utility of this scheme has been shown to be problematic. First, classification schemes devised to date have been highly subjective, and this is particularly true for categories like \"small headed sperm.\" Because head size is a continuous variable, \"normality\" is difficult to define. Second, many classification schemes allow an individual sperm to be classified in different ways. Finally, no successful statistical comparative method has been devised \[[@B27]\].

We did observe fibrotic changes to the left kidney according to the location of the renal vein partial obstruction. It would be more informative to perform various kinds of tests using genetics or molecular biology to detect renal damage. However, because fibrotic change is the most representative outcome in a poorly circulated organ \[[@B29]\], we decided on this as an experimental variable. Further research using the other modalities should be performed to reveal the pathophysiology of the varicocele.

CONCLUSIONS
===========

The results of this study showed that partial ligation of the left renal vein medial to the internal spermatic vein influences testicular spermatogenesis and epididymal sperm motility without harmful effects on the left kidney. On the contrary, partial ligation lateral to the internal spermatic vein or sham operation does not affect testicular spermatogenesis, epididymal sperm motility, or fibrotic change in the left kidney. Our results certify that this traditional animal model is suitable for varicocele research.
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![Schematic illustration showing the different site of partial ligation of the left renal vein. (A) Group 1, partial ligation medial to the internal spermatic vein (B) Group 2, partial ligation lateral to the internal spermatic vein.](kju-51-565-g001){#F1}

![Dilatation of the internal spermatic vein after partial ligation of the left renal vein medial to the internal spermatic vein insertion site (arrow).](kju-51-565-g002){#F2}

![H&E stain of the left testis (×20 objective). (A) Group 1: Histological changes such as reduced spermatogenesis, germ cell desquamation, and increased congestion are observed. (B) Group 2: normal seminiferous tubules and interstitial spaces are observed. (C) Group 3: normal seminiferous tubules and interstitial spaces are observed.](kju-51-565-g003){#F3}

![Masson\'s trichrome stain of the left kidney (×10 objective). (A) Group 1, (B) Group 2, (C) Group 3. The structures of the glomerulus and of the proximal and distal tubules were well preserved regardless of the operation type.](kju-51-565-g004){#F4}
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Comparisons of the groups in the experimental varicocele model
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^a^: experimental varicocele by partial ligation medial to the internal spermatic vein for 8 weeks, ^b^: partial ligation lateral to the internal spermatic vein for 8 weeks, ^c^: sham operation for 8 weeks, ^d^: no significant differences between the groups, ^e^: no significant differences between the groups, ^f^: number of motile spermatozoa per gram of cauda epididymis tissue; no significant differences between the groups, ^g^: p\<0.05, compared with group 2 and 3
